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ABSTRACT

Urbanisation is an issue that any nation, irrespective of its level of development, will inevitably confront. This trend gained
traction throughout the 1980s, when Chinese began to implement its reforms and open-door policy. The detrimental impact
of air pollution on human health is significant, and the process of fast urbanisation has the potential to greatly alter this
situation. Hence, it is essential to monitor and assess the progress of urbanisation. The researchers prioritise three
significant consequences in China: the transformation of rural areas into urban zones, the escalation of pollutant emissions,
and the discharge of heat through the atmosphere as a result of human activities. This experiment used a weather model
known as WRF-Chem, an acronym for weather information Study and Forecast Model. Three distinct sensitivity studies
have shown whether these three urban developments often exacerbate the air quality in Beijing, particularly in terms of
ozone and PM2.5 levels. Human heat emissions result in a 0.8 °C rise in surface temperatures during the day and a 1.2 °C
rise during the night. As a result, the model predicts a less positive future for the People's Republic with an evening ozone
rise of 18 parts per billion (ppb). Upon examining the third consequence of emissions alteration, experts have discovered
that the Chinese the federal government's measures to mitigate emissions are already being implemented. There has been
a slight rise in concentrations of ozone and surface temperatures. During this process, it has been observed that the
concentrations of particulate matter increase closer to the surface and decrease as researchers go further up. Subsequent
research should include these effects into their model setups. Additional sensitivity runs have enhanced the vertical as well
as geographic resolutions of Chinese forecasting computers.
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1. INTRODUCTION:

With the continuous growth of the Chinese economy as well as population, the country is experiencing rapid urbanisation.
The urbanised region surrounding Beijing had a decrease in size from 1,240 square miles in 1973 to 1,210 square
kilometres in 1978. When researchers analyse the geographical distribution of urban areas in Shanghai as well as Beijing,
they see that the urban area has increased by a standard of about 1020 units. This statement holds true to every one of the
main cities in China as well. The expected annual growth rate of urban populations in emerging nations is 2.3%. This
growth will lead to various changes in land use, which is only one aspect of the overall impact. Despite comprising just
around 20% that the entire population within the years following the 1980s, urban areas of China has seen a significant
surge in growth since that time. China's number six national census reveals that the outside of Beijing region already
houses over twenty million people, and by 2030, the urban population in expanding regions is projected to exceed 4 billion.
The study conducted by Tao et al. During peak hourly readings, the PM2.5 levels in the Great Beijing, China Area
exceeded 680 g/m3. Various research has shown a correlation between air pollution and many health problems. Buka et
al. demonstrated that carbon monoxide diminishes the supply of oxygen to internal organs and tissues. Bascom et al.
discovered a correlation between present levels of PM10 in the environment and an elevated risk of daily death related to
heart and lung conditions, as well as overall mortality. Current research suggests that exposure to ambient ozone may lead
to mortality and respiratory diseases. However, it is important to note that there is no level of fine particulates or ozone
concentration that can be deemed acceptable in terms of its impact on human health. China's rapidly rising economy and
population need swift urbanisation. Between 1973 and 2005, the urbanised area of Beijing expanded from 184 within
1210 centred kilometres. The data indicates that the urban area of China's two largest cities, Beijing and Shanghai, grew
by a magnitude of 10 to 20 times within 1992 and 2004. Additionally, it is prominently visible in several Chinese urban
areas. In emerging economies, urban population is expected to increase at an annual rate of 2.3%. The urbanisation rate
in China rose from 20% within 1980 approximately 45% in 2010. According to the sixth national censuses of China, this
urban cluster had a population of around 20 million people at the time. It is projected that the urban population in emerging
countries would reach around four billion by 2030 (TIE, 2018).
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2. BACKGROUND OF THE STUDY:

The problem of air pollution is escalating in China's metropolitan areas as a result of the increasing population and
urbanisation. The increasing occurrence of haze as well as photochemical reactions fog has significantly contributed to
the escalating air pollution in China during the last several decades. The hourly PM2.5 readings in the wider Beijing area
exceeded 680 g/m3. Research has shown a correlation between air pollution and several health conditions. Buka et al.
discovered that carbon monoxide diminishes the oxygen supply to the body's structures and organs. The research
conducted by the author et al. has found that elevated levels of atmospheric PM10 are linked to a rise in death rates for
both cardiovascular and respiratory causes, as well as overall mortality. Mortality and respiratory ailments are also linked
to it. Conversely, there are no quantities of airborne particles or ozone that may be considered safe. Gaining a
comprehensive knowledge of the correlation between urbanisation and air quality in China is crucial. The researchers
investigate the impact of the urbanisation on the quality of air and assess the vulnerability of the model to various
influences using a comprehensive weather research and forecasting system integrated with the biochemistry module
(WRF-Chem). This study focuses on three major consequences of urbanisation. The first study investigates the impact of
changing the land cover on a number of physical characteristics, such as albedo and roughness of the surface. Human
activities contribute to the increase in the world average temperature.

Thirdly, there exists a function specifically designed for quantifying human emissions. In order to enhance the accuracy
of the model, it is advisable to offer ideal configurations that may help anticipate the amount of pollution in China more
effectively and reduce extended exposure for human health. In order to predict the future development of air quality, one
might employ either a paper-based or digital model. In the conventional "offline" method, a distinct weather model is first
executed, and the chemical transport model is then influenced by the outcomes of this model. Grell 's et al.'s WRF-Chem
"virtually model is used in this scenario.

It is capable of doing a single chemical emulate computations and one meteorological calculation. The result might include
the implementation of reciprocal feedback loops. Evidence has shown the precision of air quality estimations in China
using the WRF-Chem model. The disparities between the "off-line" as well as "on-line" tactics. The offline model gets the
weather information after it was computed offline (GU, 2018).

3. PURPOSE OF THE RESEARCH:

This research used direct, semi-direct, along with intermediary feedback mechanisms to investigate the influence of land
use alteration on the levels of pollutant concentration in the rivers of the Yangtze Valley and the surrounding Jing-Jin-Ji
(Hebei, Beijing,) region, which are two rapidly developing areas in China. In order to get accurate air quality predictions
in rapidly changing areas, it is necessary to possess up-to-date land utilisation information.

The land use data used in WRF-Chem is derived from USGS data acquired with an accuracy level of 1 km using the
enhanced ultrahigh precise radiometer (AVHRR). The methodology was shown by using data obtained from the lowest
resolution Multipurpose Spectroradiometer (MODIS) sensor during the mid-2000s. The current version of WRF-Chem
has been adapted to include the most up-to-date information about land use sets. A study is carried out to analyse the
influence of urbanisation on the building materials and meteorological industries in two locations throughout the 1990s.
This is done by using land-use data acquired from USGS as well as MODIS land-cover maps (RYU, 2018).

4. LITERATURE REVIEW:

The metropolitan centres across China have noticed a rise in air pollution due to population expansion and the process of
urbanisation. The alarming surge in air pollution seen in China throughout the last several decades has been partially
attributable to the prevalence of optical fog as well as photochemical haze. The highest hourly PM2.5 concentration
measured in the Greater Beijing region was over 680 g/m3. Research has shown a correlation between the existence of air
pollution and several ailments. Researchers Buka as well as colleagues have discovered that carbon monoxide reduces the
oxygen supply to all the tissues and organs of the body. Bascom et al. have shown that an increase in ambient PM10 levels
is associated with a higher incidence of acute cardiorespiratory death and overall mortality. Their discoveries were
published in the scientific journal environmental Research Letters.

Research undertaken by Bell and collaborators has shown a correlation between it and respiratory illnesses as well as
mortality. However, there is no level of exposure to particles and ozone that is deemed to be free from risk. It is essential
to enhance researchers understanding of the correlation between industrialization and pollution in China since this
knowledge is of utmost importance. An integrated Environment Researchers and Forecast the simulation with a
Biochemical Module (WRF-Chem) is used to examine the effects of urbanisation on air quality and to assess the model's
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sensitivity to each specific factor. The paper primarily examines three significant consequences that have resulted from
urbanisation. The first research project examines the influence of altering the land's cover on the albedo and ruggedness
of surfaces, two physical attributes that are being researched. Human activities may contribute to a fraction of the rise in
the planet's average temperature. Furthermore, there exists a responsibility for the emissions generated by human
activities. Furthermore, it is recommended to use optimal setups to enhance the precision of the model, hence improving
its capacity to forecast contamination levels in China and mitigate the detrimental effects of prolonged human exposure
(BELL, 2019).

5. RESEARCH QUESTIONS:

e What is the sensitivity of predicated pollutant level?

e How the "anthropogenic emission impact from urbanization in China" by using wrf- chem?
¢ Which algorithm is used for weather forecasting?

6. CONCEPTUAL FRAMEWORK:

Sensitivity of predicted pollutant levels \
3

URBANIZATION

Anthropogenic heat emissions

7. METHODOLOGY:

In order to evaluate the impact of changes in the landscape on pollution predictions, it is necessary to establish a connection
between the MODIS dataset and WRF-Chem. WRF-Chem may be referred to as a mapping tool that converts MODIS
data into USGS classifications. The USGS provides statistical data on land cover, which is classified into 24 main
categories. Beginning with Version 3.1, the Noah Ground the Surface Model has been integrated into the Weather Research
and Forecasting (WRF) system, enabling researchers to effectively exploit MODIS land-cover data. The revised MODIS
data include 20 distinct classifications of land-use and land-cover, which are aligned with the Internationally Geosphere-
Biosphere Programme (IGBP). These consist of three tundra classifications, three divisions of built and a mosaic lands,
as well as eleven classifications of naturally existing vegetation cover broken down by plant kind. To update the data of
WRF-cover Chem, researchers constructed a mapping bridge that links the 24-category USGS education dataset with the
20-category MODIS landscape dataset.

7.1 Research Design

The regions were examined for urbanisation with WRF-Chem Version 3.1. The simulations used three nested domains.
Three domains, each consisting of many layers, were established inside the duplicated area of JJY. The greatest domain
included a significant amount of the region's eastern region, including China, Japan, and parts of using a grid resolution
of 81 kilometres. The second domain, characterised by a grid resolution of 27 km, specifically targeted the northeastern
region of China. This domain included the whole JJY region with a resolution of 9 km. The dimensions of the horizontal
grids were 81 inches by 57 inches, 49 inches by 49 inches, and 55 inches by 55 inches in height, respectively. The
researchers' prior study on YRD, which had three vertically aligned domains, serves as a suitable parallel. The coarse
domain parameters remained the same as JJJ's biggest, however the finer along with second domain name settings were
altered. Unlike domain 3, which focused on Shanghai and used a 9-kilometer grid that spanned the whole Yangtze River
Delta (YRD), domain 2 included the east central region of Chinese alongside a dimension of 27 kilometres. A grid with
the following dimensions: 81 x 57, 52 x 49, and 55 x 58 was implemented in a horizontal orientation. The mathematics
model's top was set to ten hPa throughout all domains, using the default setup of 28 vertical layers. Within the lowest
decile, researchers may see values which include 1.00, 0.993 out of 0.983, and 0.97. The physical systems included in this
work include the Cornell Lin microphysics scheming, the Goddard microwaves scheme, the Yonsei The university's (YSU)
superficial layer scheming, the Noah Land Surfaces Model, and the Rapid Radiative Transport Model (RRTM) extended-
wavelength radiation model. An urbanised canopies model (UCM) was used for the surface layout of this study. The
MOSAIC as well as Carbon dioxide Bond (CBMZ) chemical processes used aerosol bins consisting of four components.
The study used meteorological data for the National Centre throughout Protection of the environment (NCEP) at six-hour
intervals as the initial and boundary conditions for the weather analysis. The most recent iteration of MEGAN, the Model
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of Airborne pollutants of These gases and Aerosols about Nature, was used to analyse anthropogenic emissions.
Conversely, NASA's intercontinental chemical transport sector experiment was utilised to examine biogenic emissions.
Researchers make use of the MOZART-4 model to represent the initial chemicals state along with the lateral conditions
at the boundary.

7.2 Sampling and Data Collection

The geographical features of Beijing have a substantial impact on the transportation of pollution. The Beijing region
experiences the impacts that the East Asian monsoon throughout the summer season. The prevailing wind in the southern
direction is the most often occurring breeze. The researchers are able to see the elevation of the terrain inside their
simulated environment. A three-dimensional valley-breeze circulatory occurs due to the variation in altitude, ranging from
sea level to 1800 metres, across a span of hundreds of km. The urban-breeze circulation stacks these two flow components.
With the presence of AH, urban mobility has significantly improved, enabling individuals to navigate the city more
effortlessly. Urbanisation and atmospheric heating (AH) impact the vertical along with geographic distribution of
environmental and chemical species. This is shown by the sectional regions located at coordinates (40.6° N, along with
115.6° E) along with (39.6° N, 116.7° E).This cross-sectional line illustrates the new movement of heat in LUCY. The
urban grids are situated within the range of grids 8 and 12. The peak heat generation throughout the day is 84.4 W/m2.

(a) Cross-section location (b)
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8. RESULT:

WRF-Chem was used to simulate two scenarios for all study regions: (a) the USGS scenario, which utilised the
predetermined land-cover data gathered by WRF-Chem; and (b) the MODIS scenario, which utilised MODIS data
translated into USGS format. To ensure that the numerical model runs throughout the JJJ area align with the observational
intervals from 0000 UTC on August 1, 2006, to 0000 UTC on September 15, 2006, and throughout the YRD region from
0000 UTC on May 1, 2010, to 0000 UTC on March 3, 2010, for instance. This page only displays the graphics that depict
the discrepancy between USGS and MODIS data. 2-millimeter temperature (T-2) is directly influenced by changes in land
cover due to its dependence on soil characteristics such as insulation properties as well as leaf index.

According to Figure 2.4, there is a discrepancy in the 2-meter spatial temperatures across MODIS as well as USGS samples
for JJJ at 1400 CST. Similarly, for YRD, the variances are seen at 0200 CST. These narratives have common
characteristics. Firstly, in regions where the urban proportion remained consistent in both datasets, the disparity amongst
MODIS as well as USGS temperature measurements is often less than 0.5°C. The primary elements responsible for these
changes are alterations in evaporative as well as diffusive heat transfer resulting from densely inhabited regions.
Furthermore, the red circles symbolise the regions including significant metropolitan hubs in China, whereby JJJ as well
as YRD have had the most substantial advancements.

The regions consist of Beijing, Tianjin, and the cities of Shanghai, Ningbo, along with Hangzhou. However, there are
numerous significant distinctions between the two fields of research. A notable finding is that the YRD region saw a
greater maximum temperature increase of 3.2 °C owing to urbanisation compared to the JJJ region, which had a maximum
temperature increase of 1.8 °C. A plausible factor might be the vertical dispersion of moisture, particularly inside the
troposphere. As previously stated, May 2010 saw unusually low levels of precipitation in the YRD region. Based on the
recorded temperature fluctuations, there has been a rise in the transfer of sensible heat from the Earth's surface to the
atmospheric. Conversely, an increase in latent heat flow was the main cause of JJJ's temperature increase. When comparing
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the average monthly temperature difference between day and night, JJJ had a higher value of 2.4°C compared to YRD's
value of 1.8°C.

az'n JJJ area - ™YRD area
- n ~
N -4 Q
AN 4 .
- . o
u N
o 40°N 4 O -
= -~ & 8
9 . -~ :
29N 4 Q !
= 2 P -
i ' a
s A e . *
118°E nse 18°E nre e NS'E ME 120°E 121" 122°E 12e
JJJ areal “YRD areal

2°N
3&°N
14 1I5"E 1N6°E MITE 1B"E 119°E M9E 120°E 121°E  122'E  123'E
- IT - ——
-2 -1 -5 o S 1 2

temperature difference (° C)

Wind speeds and atmospheric air mass distribution are both impacted by changes in surface roughness and albedo, among
other physical variables. A prominent impact of urbanisation is the aggravation of already-rough terrain. With an increase
in wind friction, the 10-meter wind speed ought to fall. Around 1400 and 0200 CST, this decrease occurs for both time
zones. During the day, the urbanisation pattern is associated with the monthly averaged fluctuations in wind speed in
YRD; Shanghai has the steepest decline at 1.2 m/s, while Hangzhou along with Ningbo are also excellent urban centres.
While places like Tianjin along with Tangshan see a difference of around 0.4 m/s in JJJ, the average decrease in speed
around Beijing is only 0.2 m/s. In contrast to JJJ, where the nighttime wind speed is 1.0 m/s, YRD's is less than 0.2 m/s.
Results show that urbanisation is more noticeable through the day in YRD but less noticeable at night in JJJ. A decrease
in wind speed is closely related to an increase in temperatures at 2 metres. One reason for the dissimilarities between the
two regions is the simulated epochs and locales. Whereas both ocean and land breeze circulation have a greater influence
on wind speed and direction in the YRD area on the Chinese eastern coast, the topography plays a more significant role
in controlling these variables in the JJJ zone in the interior.
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9. DISCUSSION:

Urbanisation has many impacts on the environment. Modifications to the physical infrastructure and shifts in land use
might potentially modify the surface albedo, therefore impacting the meteorological conditions and levels of atmospheric
pollution inside the urban area. The escalation of transport and business activity concurrently amplifies pollutant
emissions. Researchers discovered that urbanisation led to 20 parts per billion rise in surface ozone concentrations and a
2.4 degrees Celsius increase in temperatures in the greater Beijing area, as a result of changes in land use. The writers of
this article discuss the issue concerning urban temperature and the impact of human activities on it. A novel approach
called New LUCY was developed to account for AH emissions, based on the integration of two existing approaches,
SLUCM and LUCY. This technique utilises fresh data on Urbanisation land use to estimate hourly heat flux values that
exhibit daily fluctuations with a single peak value. Within the urban heat island of Beijing, the anthropogenic heat (AH)
resulted in an increase of 0.8 degrees Celsius in daytime temperatures and 1.2 degrees Celsius in nighttime temperatures.
Additionally, as a result of this, there was a daytime planetary boundary layer (PBL) that was elevated by 320 metres and
a nocturnal PBL that was elevated by 160 metres. The use of AH significantly improved the urban-breeze circulation in
the simulations. The AH altered both the horizontal and vertical gradients of pollutants. Urban regions had a rise in daytime
surface ozone levels, ranging from between four and seventeen components per billion, but nocturnal concentrations were
comparatively lower. The impact of AH was felt by all residents in the region, including those in smaller towns and not
simply limited to major cities. When AH (atmospheric humidity) is present, it causes a drop in precipitation numbers in
rural regions, leading to an increase in PM2.5 concentrations. Enhanced precision in forecasting was a frequent result of
using AH. The Mean Error (ME) of the 2-meter temperature prediction at the PKU observations site fell between 1.55
percent °C to 0.61 °C. Furthermore, forecasts for elevated ozone concentrations were modified. These findings
demonstrate the significance of including changes in property utilisation along with thermal emissions for forecasting air
pollution in proximity to major urban areas. When doing simulations of air pollution in major urban areas such as More
important Beijing, it is crucial to include these aspects. Enhanced data about land use along with urban form, together
with more research on the release of human-caused heat in cities, will be required for more precise forecasts of urban
pollution in the atmosphere.

10. CONCLUSION:

When MODIS land-cover was taken into account in the WRF-Chem model, sensitivity analysis revealed that Beijing
would experience a future characterised by rapid urbanisation, high temperatures, and little precipitation. The mean
temperature rise in Beijing was around 3 degrees Celsius. The levels of ozone during the daytime increased by more than
eleven parts per billion (ppb), while the levels of PM2.5 climbed by almost 5 ppb as a result of less precipitation. The
inclusion of the effects of urbanisation on the cover of land in the models resulted in considerable improvements in some
results. The primary aim was to identify the most significant impacts resulting from changes in land cover. Both pre-
industrialization and post-industrialization land-cover data were used in the two sensitivity studies. There is a possibility
of'a 2-degree Celsius rise in temperature in the Beijing region. The forecast also accounted for the evaporation of moisture
from the higher atmospheric layers, along with elevated temperatures. Researchers can now accurately portray prospective
emissions in China by adopting a novel viewpoint (NEW Lucy). Upon incorporating the NEW Lucy into the existing
WRF-Chem model, sensitivity analyses demonstrated an augmentation in both temperatures and an improvement in the
accuracy of the PBL height model, particularly during times of heightened ozone levels. To meet the needs of a rising
population, emissions are often increased when cities develop. In this section, researchers referred to two emission
inventories, rather than just one. The researchers examine the distribution along with historical development of overall
emissions through the northern part of the China Plain. Findings indicate that levels of pollutants, such as nitrogen oxides
(NOx), have been increasing since 2006. There was a significant increase in the levels of ozone and PM2.5 on the Earth's
surface. Future estimations need a more comprehensive emission inventory, since the current ones only include four
industries. The resolution of the model is a crucial factor in air quality modelling. Optimal outcomes were achieved by
using a spatial precision of 9 km and a vertical precision of 27 layers, based on the accessible emission as well as land-
cover data. This finding ensures the efficacy and precision of future estimates. There are several uncertainties about
emission inventories and modelling of urban canopies. The accuracy of the supplied data may result in a modification of
the optimal settings.
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